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Abstract: Recently, microRNAs (miRNA) have been proposed as regulators in the different processes
involved in alcohol intake, and differences have been found in the miRNA expression profile
in alcoholics. However, no study has focused on analyzing polymorphisms in genes encoding
miRNAs and daily alcohol consumption at the population level. Our aim was to investigate the
association between a functional polymorphism in the pre-miR-27a (rs895819 A>G) gene and alcohol
consumption in an elderly population. We undertook a cross-sectional study of PREvención con
DIeta MEDiterránea (PREDIMED)-Valencia participants (n = 1007, including men and women aged
67 ± 7 years) and measured their alcohol consumption (total and alcoholic beverages) through a
validated questionnaire. We found a strong association between the pre-miR-27a polymorphism
and total alcohol intake, this being higher in GG subjects (5.2 ± 0.4 in AA, 5.9 ± 0.5 in AG and
9.1 ± 1.8 g/day in GG; padjusted = 0.019). We also found a statistically-significant association of the
pre-miR-27a polymorphism with the risk of having a high alcohol intake (>2 drinks/day in men
and >1 in women): 5.9% in AA versus 17.5% in GG; padjusted < 0.001. In the sensitivity analysis, this
association was homogeneous for sex, obesity and Mediterranean diet adherence. In conclusion,
we report for the first time a significant association between a miRNA polymorphism (rs895819) and
daily alcohol consumption.
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1. Introduction
In recent years, multiple and important regulatory functions have been attributed to microRNAs
(mirRNA) [1]. It is known that miRNAs, small noncoding RNAs, whose final product is a
~22-nucleotide functional RNA molecule that regulates gene expression, play an important role
in processes, such as controlling oxidative stress, the development, progression and metastasis of
cancer, influence the processes of atherosclerosis, cardiovascular diseases, obesity and diabetes and
control senescence and many other key processes [1–5]. Although it has been suggested that the
miRNA may also play an important role in influencing food and beverage intake [6–8], there have been
far fewer studies on this, and further studies that delve deeper into this issue are required. Among the
different foods and beverages, where there is indeed more data suggesting an important regulation by
microRNAs, is alcohol intake [8].
The association between moderate alcohol consumption and health is a matter of on-going debate
in the scientific community [1,3,9,10]. Likewise, there is a debate over the factors that influence alcohol
intake, these being attributed both to environmental factors (socioeconomic level, one’s relatives’
alcohol consumption behavior, one’s social network, social myths and violence, among others) and
genetic (variations in candidate genes), without their contribution having been clearly quantified [7,8,11].
Among the genetic factors, as is the case with environmental factors, there appears to be a huge
complexity of influences that are still not well understood [7,8,11–15]. Although the first studies on
the influence of alcohol intake specifically analyzed genetic variants in candidate genes related to
the different pathways on which alcohol acts or is metabolized (mainly in polymorphisms in genes
related to alcohol-metabolizing enzymes, including: alcohol dehydrogenase (ADH) and aldehyde
dehydrogenase (ALDH), where important associations have been found) [11,12], it is known that there
are many other factors to be investigated.
Indeed, a new line of research into the genetic-epigenetic factors that may have an influence on
alcohol intake involving regulation by miRNAs is emerging [8,16]. miRNAs are highly abundant
in the brain and play significant roles in several biological processes [17]. Accordingly, it has been
reported that miRNAs also seem to mediate the cellular adaptations induced by exposure to some
drugs of abuse [18], including cocaine [19], opioids [20] and alcohol [21–23]. Moreover, Gedik
et al. [24] hypothesized that single nucleotide polymorphisms (SNPs) in the miRNA biogenesis
pathway may result in dysregulation of miRNA levels and association with alcohol dependence.
Consequently, they found statistically-significant associations between several SNPs in the miRNA
biogenesis and alcohol dependence when alcohol-dependent patients were compared to healthy
controls. The SNPs analyzed were: rs595961, rs4961280, rs910924 and rs1640299 in the genes AGO1
(Argonaute 1), AGO2 (Argonaute 2), GEMIN4 (gem nuclear organelle-associated protein 4), DGCR8
(DiGeorge syndrome critical region 8 complex subunit), respectively; adding more evidence to the role
of microRNAs in alcohol intake.
However, although there have been various studies that have analyzed the differences of miRNA
expression associated with differing conditions of alcohol consumption, statistically-significant
differences being found between the micro-RNA profile of alcoholics compared to
non-alcoholics [19,21–23,25–28], there are hardly any that have investigated the association
between SNPs in genes that encode miRNAs and alcohol intake [29].
miRNA genes are transcribed and processed initially into precursor miRNAs (pre-miRNAs).
The pre-miRNAs are further processed into mature miRNAs. SNPs in the pre-miRNA genes could
affect the processing and subsequent maturing of miRNAs. Interestingly, it has been reported that
the occurrence of SNPs in miRNA sequences is relatively rare [30], suggesting that variation in the
miRNA sequence might be functionally important. There are various miRNA candidates for which
the study of the effects of their sequence SNPs on alcohol intake would be interesting. We first
focused our attention on the pre-miR-27a rs895819 A>G polymorphism, located on the terminal loop
of the miR-27a, because some recent studies have related this miRNA with alcohol modulation in
different processes [31,32], as well as with the behavioral response to chronic opioid administration [33].
Int. J. Mol. Sci. 2016, 17, 1338 3 of 18
Moreover, there are previous studies that have shown that that polymorphism is functional, an
increased miR-27a expression being detected in G-allele carriers compared to AA [26,27,34,35].
In parallel, this polymorphism has been associated with increased risk of some cancers related to
alcohol consumption (gastric, colorectal, etc.) G-allele carriers [26–28,34–36]. Although a recent study
has found that the plasma of alcoholic patients has an increased number of extracellular vesicles that
contained high levels of miR-27a compared to healthy controls [31], no study has investigated the
association between the pre-miR-27a rs895819 SNP and alcohol consumption. What is more, as far as
we know, there has been only one study published to date that has examined the association between
a miRNA SNP and alcohol [29], but this analyzed the prevalence of alcohol-related disorders without
investigating habitual alcohol intake on the population level. Thus, given this lack of studies, our aim
was to analyze the association between the pre-miR-27a rs895819 polymorphism and total alcohol
intake, as well as the different alcoholic drinks consumed (wine, beer, spirits) in a well-characterized
elderly Mediterranean population, recruited in one of the centers participating in the PREDIMED
(PREvención con DIeta MEDiterránea) study [37].
2. Results
The participants analyzed in this study were all recruited at the PREDIMED-Valencia
field center [38], one of the centers participating in the PREDIMED multicenter study [37].
The PREDIMED-Valencia study is where most patients have been recruited and randomized (n = 1094)
for the PREDIMED study. Figure S1 presents a flow chart of the study participants. We analyzed 1007
men and women who had valid genotypes for the pre-miR-27a rs895819 A>G polymorphism and their
alcohol consumption determined. Table 1 provides an overview of the population distribution of the
demographic, clinical, biochemical and lifestyle characteristics of the 1007 participants according to
the pre-miR-27a rs895819 A>G polymorphism. Prevalence of the genotypes was 53.6% AA (n = 540);
37.8% AG (n = 381) and 8.5% GG (n = 86), similar to the prevalence expected for European populations.
The mean age of the study participants (mean ± SE) was 66.8 ± 0.2 years and did not differ among the
pre-miR-27a rs895819 genotypes. There were also no statistically-significant differences in sex, type 2
diabetes prevalence, weight-related variables, blood pressure, lipid levels, fasting glucose, smoking,
physical activity, total energy intake, macronutrients (fat, carbohydrates and proteins) or adherence to
the Mediterranean diet (MedDiet) between the genotypes, so minimizing the bias that these factors
may have on the association between the SNP and alcohol consumption.
Table 1. Demographic, clinical and lifestyle characteristics of the study participants at baseline
according to the pre-miR-27a-rs895819 A>G polymorphism 1.
pre-miR-27a-rs895819 A>G genotypes
Variable Total (n = 1007) AA (n = 540) AG (n = 381) GG (n = 86) p 2
Male sex: n, % 368 (36.5%) 201 (37.2%) 137 (36.0%) 30 (34.9%) 0.876
Type 2 diabetes: n, % 3 468 (46.5%) 243 (45.0%) 188 (49.3%) 37 (43.0%) 0.342
Hypertension: n, % 4 844 (83.8%) 451 (83.5%) 320 (84.0%) 73 (84.9%) 0.944
Dyslipidemia: n, % 769 (76.4%) 408 (75.6%) 290 (76.1%) 71 (82.6%) 0.361
Obesity: n, % 5 512 (50.8%) 269 (49.8%) 199 (52.2%) 44 (51.2%) 0.769
Smokers: n, % – – – – – – – – 0.504
Current 127 (12.6%) 67 (12.4%) 44 (11.5%) 16 (18.6%) –
Former 234 (23.2%) 128 (23.7%) 88 (23.1%) 18 (20.9%) –
Never 646 (64.2%) 345 (63.9%) 249 (65.4%) 52 (60.5%) –
Age (years) 66.8 (0.2) 67.0 (0.3) 66.9 (0.3) 66.1 (0.7) 0.467
Weight (kg) 77.2 (0.4) 77.2 (0.5) 77.2 (0.6) 77.1 (1.4) 0.997
BMI (kg/m2) 30.6 (0.1) 30.7 (0.2) 30.7 (0.2) 30.4 (0.5) 0.842
Waist circumference (cm) 103.0 (0.4) 103.0 (0.5) 103.6 (0.6) 102.2 (1.3) 0.553
SBP (mm Hg) 147.1 (0.7) 147.0 (0.9) 147.8 (1.1) 144.5 (2.2) 0.444
DBP (mm Hg) 82.0 (0.3) 82.1 (0.5) 82.3 (0.6) 79.5 (1.0) 0.092
Heart rate (bpm) 72.4 (0.3) 72.1 (0.4) 72.8 (0.6) 72.3 (1.1) 0.678
Total cholesterol (mg/dL) 208.1 (1.3) 208.1 (1.7) 207.6 (2.1) 210.7 (4.6) 0.806
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Table 1. Cont.
pre-miR-27a-rs895819 A>G genotypes
Variable Total (n = 1007) AA (n = 540) AG (n = 381) GG (n = 86) p 2
LDL-C (mg/dL) 129.4 (1.1) 129.2 (1.5) 129.3 (1.9) 130.6 (4.0) 0.946
HDL-C (mg/dL) 52.6 (0.4) 52.7 (0.6) 52.3 (0.7) 54.0 (1.8) 0.568
Triglycerides (mg/dL) 131.5 (2.2) 133.3 (3.1) 129.6 (3.2) 129.4 (9.7) 0.674
Fasting glucose (mg/dL) 120.4 (1.3) 120.3 (1.8) 120.9 (2.0) 118.1 (3.6) 0.843
Energy intake (kcal/day) 2210 (20) 2198 (28) 2221 (31) 2238 (74) 0.780
Total fat (g/day) 95.1 (1.0) 95.5 (1.4) 94.8 (1.5) 93.7 (2.8) 0.852
Saturated fat (g/day) 25.1 (0.3) 25.1 (0.4) 25.4 (0.5) 23.7 (0.8) 0.337
MUFA (g/day) 46.4 (0.5) 46.7 (0.7) 46.1 (0.8) 46.1 (1.5) 0.812
PUFA (g/day) 15.6 (0.2) 15.7 (0.3) 15.6 (0.3) 15.2 (0.7) 0.856
Proteins (g/day) 92.8 (0.8) 92.7 (1.2) 92.6 (1.3) 93.5 (3.0) 0.962
Carbohydrates (g/day) 235.6 (2.6) 232.6 (3.5) 239.1 (4.2) 239.3 (10.9) 0.463
Adherence to the
MedDiet (points) 6 8.4 (0.1) 8.5 (0.1) 8.4 (0.1) 8.8 (0.2) 0.246
Physical activity
(METs-min/day) 169.8 (5.5) 169.6 (7.8) 173.1 (8.7) 156.3 (15.8) 0.721
1 Values are expressed as the mean (standard error) for continuous variables or as (n, %) for categorical
variables. MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; MedDiet, Mediterranean
diet; MET, Metabolic Equivalent of Task; 2 unadjusted p-value obtained in the ANOVA test; 3 Type 2 diabetes
was defined as a fasting blood glucose level of 126 mg/dL or higher on two occasions, a 2-h plasma glucose
level of 200 mg/dL or higher during a 75-g oral glucose-tolerance test or the use of antidiabetic medication;
4 Hypertension was defined as a systolic blood pressure (SPB) of 140 mm Hg or higher, a diastolic blood pressure
(DBP) of 90 mm Hg or higher or the use of antihypertensive therapy; 5 Obesity was defined as Body Mass Index
(BMI) greater or equal to 30 kg/m2; 6 Based on a 14-point screener of adherence.
2.1. Association between the Pre-miR-27a rs895819 Polymorphism and Total Alcohol Consumption and Types
of Alcoholic Beverages
We analyzed the association between the pre-miR-27a rs895819 polymorphism and total alcohol
intake, as well as with alcoholic beverages in the population as a whole. We measured the intake
of alcoholic beverages (different types of wine, beer and spirits) by a validated [39] food frequency
questionnaire (FFQ) as detailed in the Methods. In this FFQ, there were questions about the average
intake for each beverage over the previous year, including the baseline visit, which is when the
questionnaire was administered. Alcohol intake (g/day) was calculated by multiplying the amount of
the corresponding beverage in the FFQ (mL/day) by the respective alcohol content (see the Methods
in Section 4.2). The sum of all of that is the total amount of alcohol in g/day consumed for each person.
Abstainers were those individuals for whom the sum of alcohol consumption was zero grams per
day. For the analysis of specific beverages, total wine, total beer and total spirits were first considered
(see the Methods in Section 4.2). That does not imply that a person who drinks beer does not also drink
wine or spirits. When the association between the pre-miR-27a rs895819 polymorphism with total
alcohol intake and alcoholic beverages was analyzed (Table 2), we obtained statistically-significant
results. Total alcohol consumption was considered as a continuous variable, and men and women were
analyzed together. The average alcohol consumption (and standard error) for the whole population
was 5.8 (0.3) g/day. Taking into account that the analyzed population was an elderly population not
including alcoholics (see the Methods in Section 4.1), the mean intake of alcoholic beverages was
relatively low.
We observed a statistically-significant association between the pre-miR-27a rs895819
polymorphism and total alcohol intake (g/day). Total alcohol consumption in carriers of the variant
G-allele was higher than in the other genotypes: 5.2 (0.3) g/day in AA; 5.9 (0.5) g/day in AG and 9.1 (1.8)
g/day in GG, p = 0.020 in the unadjusted general linear model (GLM) for a linear trend. This association
remained statistically significant even after multivariable adjustment for sex, age, type 2 diabetes,
hypertension, dyslipidemia, obesity, smoking, physical activity and total energy intake (p = 0.016) in
the adjusted model (GLM). Alcohol intake had a skewed distribution and required normalization for
statistical testing. Then, although means of alcohol intake were shown as untransformed variables,
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p-values were computed using the square root-transformed variables for total alcohol intake, as well
as for alcoholic beverages, to improve normality.
The association of the pre-miR-27a rs895819 polymorphism with alcohol intake was especially
relevant in the subgroup of drinking males (Figure 1).
Table 2. Association of the pre-miR-27a-rs895819 A>G polymorphism with total alcohol consumption
and alcoholic beverages in the whole population 1.
Genotypes
Alcoholic Beverage 2,3
Total
(n = 1007)
AA
(n = 540)
AG
(n = 381)
GG
(n = 86) p
4,5
Total alcohol (g/day) 2 5.8 (0.3) 5.2 (4.4–6.0) 5.9 (4.8–6.9) 9.1 (5.6–12.6) 0.020
Total alcohol (g/day) 3 – – 7.4 (6.3–8.6) 8.2 (6.9–9.5) 11.0 (8.2–13.1) 0.016
Total wine (mL/day) 2 36.8 (2.3) 34.8 (28.7–40.7) 35.7 (28.8–42.5) 54.9 (32.0–77.7) 0.036
Total wine (mL/day) 3 – – 47.8 (38.8–56.1) 49.4 (39.9–58.8) 66.4 (50.9–82.0) 0.043
Total beer (mL/day) 2 39.9 (3.4) 35.1 (27.6–42.6) 38.8 (28.3–49.3) 75.5 (33.4–117.8) 0.041
Total beer (mL/day) 3 – – 56.7 (39.5–65.8) 56.0 (41.6–70.4) 88.2 (64.6–111.7) 0.142
Total spirits (mL/day) 2 2.0 (0.3) 1.4 (0.8–1.9) 2.6 (0.9–3.8) 2.9 (0.9–5.0) 0.172
Total spirits (mL/day) 3 – – 3.6 (1.4–3.6) 3.7 (2.5–4.9) 4.0 (2.0–6.0) 0.073
1 Values are expressed as the mean (and standard error) for the whole population and as the mean (and 95%
confidence intervals: CI for genotype groups); 2 The first row presents the p-value of the association between
the SNP and total alcohol/alcoholic beverage in the crude (unadjusted model). The square root transformed
variables were used to test the statistical significance of the crude association. The p-value vas obtained as a
linear trend for the genotype; 3 The second row presents the adjusted p-value of the association between the
SNP and total alcohol/alcoholic beverage in the multivariable model adjusted for sex, age, type 2 diabetes,
hypertension, dyslipidemia, obesity, smoking, physical activity and total energy intake in the general linear
model (GML) for the corresponding square root transformed variables; 4 unadjusted means, SE and 95% CI for
the corresponding untransformed variables for total alcohol and alcoholic beverages in the whole population
and by genotypes; beverages; 5 Adjusted (for sex, age, type 2 diabetes, hypertension, dyslipidemia, obesity,
smoking, physical activity and total energy intake) mean and 95% CI for total alcohol intake and alcoholic
beverages by genotype. The polymorphism was tested for a linear trend.
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Figure 1. Adjusted means of total alcohol intake (g/day) in drinker males depending on pre-miR-27a
rs895819 polymorphism. Means and standard errors (SE) were estimated by the multivariable general
linear model adjusted for age, type 2 diabetes, obesity, hypertension, dyslipidemia, physical activity,
smoking and total energy intake. For statistical significance, the transformed (square root) alcohol
consumption variable was used. AA (n = 148); AG (n = 112); GG (n = 23). * p-value obtained from the
multivariable GLM including the pre-miR-27a rs895819 polymorphism as additive.
Supplementary Figure S2 (Figure S2) shows the means (and SE) of alcohol consumption in
males (A) and in females (B) (both including drinkers and non-drinkers), depending on the pre-miR-27a
rs895819 polymorphism. Similar associations were found. Although the association between the
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pre-miR-27a rs895819 polymorphism and alcohol intake was tested in the codominant model (including
the three genotypes), homozygous subjects for the variant allele (GG) presented higher means of
alcohol consumption, supporting a recessive effect. This recessive effect was also confirmed later in
the categorical analysis of drinking categories.
When alcoholic beverages were analyzed, we detected higher consumptions for wine (including
red and white wine), beer and spirits (whisky, vodka, gin, rum, liquors, etc.) in GG subjects from
the whole population, suggesting non-specificity for the pre-miR-27a rs895819 association with
alcoholic beverages. However, differences among genotypes in the multivariable adjusted models
only remained statistically significant for wine (p = 0.043). For beer, although in the unadjusted
model, statistically-significant differences were detected (p = 0.041), this association did not reach
the significance level after the multivariable adjustment. The association with spirits had a similar
trend, but did not reach statistical significance. Therefore, factors related to statistical power may
explain the difference in the statistical significance of the association between the pre-miR-27a rs895819
polymorphism and wine or beer, rather than arriving at the conclusion of a specific association of the
SNP with wine intake. Thus, when we separately analyzed red wine and white wine (Supplementary
Figure S3), we observed the same trend for the association (higher intake of red wine or of white wine
in GG subjects), but the p-values were borderline significant for those wines.
2.2. Association between the Pre-miR-27a rs895819 Polymorphism and Drinking Categories
To minimize the influence of dealing with the potential limitations of the continuous variables
of alcohol consumption, we subsequently considered categorical variables for alcohol intake. Thus,
three groups of alcohol consumption were defined according to the reported daily intake of alcohol
and sex-specific cut-off points defined at the international level [40–42]. This classification has been
previously used by us in PREDIMED [42,43]. The categories were as follows (see the Methods for
details): (1) no intake (0 g/day); (2) moderate alcohol intake (≤26.4 g/day for men and ≤13.2 g/day
for women); and (3) high intake (>26.4 g/day for men and >13.2 g/day for women), corresponding
to one “typical drink” (12 g of ethanol)/day for women and two drinks/day for men (i.e., exceeding
recommended daily moderate drinking limits) [40–45]. In this population, 55.2% of women and 23.1%
of men were non-drinkers. Conversely, 3.6% of women and 14.8% of men (7.5% of the population)
consumed more than the sex-specific moderate recommendation (classified as having a high intake).
We found a strong association between the pre-miR-27a rs895819 polymorphism and these categories of
drinking (Table 3). For the whole population, the p-value for the association between the polymorphism
and drinking categories was statistically significant (p = 0.005). Considering the population as a whole,
the prevalence of a high alcohol intake was 17.5% in subjects with the GG genotype, whereas it was
only 5.9% in AA subjects (p < 0.05). This association was seen both in men (30.0% of high drinkers
among GG subjects versus 11.4% among AA subjects; p = 0.024) and in women (10.7% of high drinkers
among GG subjects versus 2.7% among AA subjects; p = 0.010).
Non-drinkers and moderate-drinkers were further grouped, and we estimated the association
between the polymorphism and high alcohol consumption.
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Table 3. Association between the pre-miR-27a-rs895819 A>G polymorphism and drinker category in the whole population and stratified by sex 1,2.
Whole Population Men Women
Alcohol
Consumption
Non-Drinkers
(0 g/Day)
Moderate
(<26.4 g/Day for Men)
(<13.2 g/Day for Women)
High
(>26.4 g/Day for Men)
(>13.2 g/Day for Women)
Non-Drinkers +
Moderate High
Non-Drinkers +
Moderate High
Genotypes (n = 540) (n = 381) (n = 86) (n = 315) (n = 53) (n = 616) (n = 23)
p 3 polymorphism 0.005 – – – – 0.024 – – 0.010 – –
AA: n (%) 244 (45.2%) 264 (48.9%) 32 (5.9%) 178 (88.6%) 23 (11.4%) 330 (97.3%) 9 (2.7%)
AG: n (%) 160 (42.0%) 192 (50.4%) 29 (7.6%) 116 (84.7%) 21 (15.3%) 236 (96.7%) 8 (3.3%)
GG: n (%) 34 (39.5%) 37 (43.0%) 15 (17.4%) 21 (70.0%) 9 (30.0%) 50 (89.3%) 6 (10.7%)
1 Values are expressed as n and %; 2 the three groups were defined according to the reported daily intake of alcohol: no intake (0 g/day), moderate intake (<26.4 g/day for men
and <13.2 g/day for women) and high intake (>26.4 g/day for men and >13.2 g/day for women); 3 unadjusted p-values obtained in the chi square tests for the association between
genotypes and drinking categories in the whole population or in men and women separately.
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In Table 4 we estimated the risk (by calculating the odds ratio (OR) and the 95% CI) of being a
high alcohol drinker depending on the pre-miR-27a rs895819 polymorphism in the whole population
and in men and women separately, after adjustment for potential confounders (see the Methods in
Section 4.4). The AA genotype was considered the reference category, and we estimated the OR of
being a high alcohol drinker (versus moderate and non-drinkers grouped) for the AG genotype and
for the GG genotype. We found statistically-significant and highly consistent results in both men
and women. For the population as a whole, subjects with the GG genotype were more likely than
subjects with the AA genotype (OR: 3.84; 95% CI: 1.83–8.04, p < 0.001) to be high alcohol drinkers
even after multivariate adjustment for potential confounders. This is a strong association considering
the magnitude of the OR. Moreover, in women, we see approximately the same pattern of results
as in men. For both, the associations seem to follow a recessive model as no statistically-significant
differences were detected in AG individuals. Therefore, we merged AA + AG subjects in the same
category for further sensitivity analyses.
Table 4. Association between the pre-miR-27a-rs895819 A>G polymorphism and the risk of having a
high alcohol intake in the whole population and stratified by sex 1.
Whole Population
Polymorphism Model 1 Model 2
Genotypes OR 95% CI p OR 95% CI p
AA (n = 540) 1.00 (reference) – 1.00 (reference) –
AG (n = 381) 1.34 (0.79–2.29) 0.276 1.45 (0.81–2.53) 0.190
GG (n = 86) 3.57 (1.79–7.16) <0.001 3.84 (1.83–8.04) <0.001
Men
Polymorphism Model 1 Model 2
Genotypes OR 95% CI p OR 95% CI p
AA (n = 201) 1.00 (reference) – 1.00 (reference) –
AG (n = 137) 1.40 (0.73–2.64) 0.311 1.52 (0.78–2.99) 0.220
GG (n = 30) 3.01 (1.22–7.45) 0.017 3.42 (1.28–9.11) 0.014
Women
Polymorphism Model 1 Model 2
Genotypes OR 95% CI p OR 95% CI p
AA (n = 339) 1.00 (reference) – 1.00 (reference) –
AG (n = 244) 1.24 (0.47–3.27) 0.660 1.44 (0.52–3.96) 0.486
GG (n = 56) 4.39 (1.50–12.87) 0.007 4.61 (1.44–14.83) 0.010
1 OR and 95% CI were estimated by multivariable logistic regression models (high alcohol intake versus
non-intake + moderate); Model 1: adjusted for sex and age; Model 2: additionally adjusted for type 2 diabetes,
hypertension, dyslipidemia, obesity, smoking, physical activity and total energy intake.
2.3. Sensitivity Analysis of the Association between the Pre-miR-27a rs895819 Polymorphism and Drinking
Finally, we also performed a sensitivity analysis in order to estimate the magnitude of the
association between the pre-miR-27a rs895819 polymorphism and drinking in relevant subgroups
(sex, obesity, adherence to the Mediterranean diet (MedDiet), type 2 diabetes and hypertension) to
analyze the homogeneity or heterogeneity of the associations. For this analysis, we used a dichotomous
variable both for drinking (high drinker versus moderate + non-drinker) and for the polymorphism
(AA + AG versus GG). We also estimated the interaction terms between the corresponding subgroup
analyzed (sex, obesity, etc.) and the pre-miR-27a rs895819 polymorphism in determining the risk
of being a high drinker to test the statistical significance of the heterogeneity of the associations in
the corresponding strata. Table 5 shows sensitivity analysis estimations by sex, obesity, adherence
to the MedDiet, type 2 diabetes and hypertension. We have detected a highly homogeneous effect
(p for interactions >0.05 for all of the variables considered) in the association between the pre-miR-27a
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rs895819 polymorphism and alcohol drinking. The highest homogeneity was detected for obesity status
in such a way that subjects with the GG genotype were more likely than subjects with the (AA + AG)
genotype of being a high drinker, nearly with the same magnitude in both non-obese (OR: 3.31; 95% CI:
1.34–8.18, p = 0.01) and in obese subjects (OR: 3.87; 95% CI: 1.21–12.35, p = 0.022). Conversely, higher
heterogeneity per type 2 diabetes status was observed (although without the interaction term being
statistically significant), in such a way that the association between the pre-miR-27a polymorphism
and high alcohol intake was attenuated in type 2 diabetic patients.
Table 5. Sensitivity analysis of the association between the pre-miR-27a-rs895819 A>G polymorphism
and risk of having a high alcohol intake 1.
Variable % Drinker High 2 Risk 3
Sex AA + AG GG p 4 OR 95% CI p 5
Men (n = 368) 13.0% 30.0% 0.011 2.84 (1.12–7.17) 0.028
Women (n = 639) 2.9% 10.7% 0.003 3.79 (1.36–11.64) 0.012
p 6 for interaction: 0.774
Variable % Drinker High 2 Risk 3
Obesity AA + AG GG p 4 OR 95% CI p 5
Non-obese (n = 495) 8.2% 21.0% 0.005 3.31 (1.34–8.18) 0.010
Obese (n = 512) 5.1% 13.6% 0.022 3.87 (1.21–12.35) 0.022
p 6 for interaction: 0.934
Adherence to MedDiet AA + AG GG p 4 OR 95% CI p 5
Low < 9 (n = 511) 5.1% 17.1% 0.002 4.56 (1.71–14.34) 0.003
High ≥ 9 (n = 496) 8.2% 17.8% 0.033 2.49 (0.09–6.60) 0.069
p 6 for interaction: 0.546
Variable % Drinker High 2 Risk 3
Diabetes AA + AG GG p 4 OR 95% CI p 5
No (n = 539) 9.0% 24.5% 0.001 3.56 (1.54–8.23) 0.003
Yes (n = 468) 3.9% 8.1% 0.221 2.06 (0.52–8.18) 0.304
p 6 for interaction: 0.547
Variable % Drinker High 2 Risk 3
Hypertension AA + AG GG p 4 OR 95% CI p 5
No (n = 163) 8.0% 23.1% 0.103 4.59 (0.77–27.59) 0.096
Yes (n = 844) 6.4% 16.4% 0.004 3.22 (1.50–6.90) 0.003
p 6 for interaction: 0.818
1 OR and 95% CI were estimated by multivariable logistic regression models adjusted for the covariates
indicated below; 2 % of subjects having a high alcohol intake (>26.4 g/day in men and >13.2 g/day in women)
depending on the pre-miR-27a-rs895819 polymorphism; 3 OR of being a high alcohol drinker in comparison
with non-drinker + moderate, depending on the variable considered for GG individuals versus AA + AG
(recessive model); 4 unadjusted p-value for comparison of percentages; 5 model adjusted for sex, age, type 2
diabetes, hypertension, dyslipidemia, obesity, smoking, physical activity and total energy intake; 6 p-value
for the interaction term between the corresponding variable (sex, obesity, adherence to MedDiet, diabetes or
hypertension) and the pre-miR-27a-rs895819 polymorphism (recessive) in the multivariable adjusted model.
3. Discussion
This study has found a strong association between the functional polymorphism (rs895819)
in the pre-miR-27a gene, consisting of a change from A>G, and total alcohol intake in an elderly
Mediterranean population. Although several previous studies on humans have reported an influence
of the miRNAs on alcohol consumption [16,21,24,27–29,46,47], those studies have mainly focused on
measuring the expression of certain miRNAs in different tissues rather than on analyzing the influence
of genetic polymorphisms in the genes that encode the miRNAs [29]. Pioneering studies measured
the differential expression of the miRNA profile in the brain of alcoholics and compared this with the
miRNA profiles in non-alcoholic controls, finding significant differences in the expression of various
miRNAs [27,28], so suggesting an important regulatory role of the miRNAs in alcohol consumption.
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Specifically, Lewohl et al. [27], in 2011, undertook a study to analyze the differences in the profile
of miRNA expression in the frontal cortex of 14 alcoholics and 13 age- and sex-matched controls.
The alcoholics consumed more than 80 g of ethanol per day for most of their adult lives. Controls were
defined as low alcohol consumption individuals (less than 20 g per day on average). They found
significant differences in approximately 48 miRNAs. All were upregulated in the frontal cortex of
alcoholics with a fold change of between 16% and 72%. The five miRNAs that showed the greatest
differences of expression in the frontal cortexes between alcoholics and non-alcoholics were: miR-553,
miR-369-3p, miR-18a, miR-339-5p and miR-1. The miR27a, which we have focused on in this study,
did not appear in the list of the 48 differentially-expressed miRNAs. However, in our study, we are
comparing a moderate alcohol intake, and Lewohl et al. [27] analyzed the effect of large amounts of
ethanol. The authors concluded that the miRNAs could play an important role in the development
of alcohol-related changes in the human brain, suggesting that the upregulation of miRNAs in the
frontal cortex of human alcoholics may contribute to the deterioration and concomitant adaptation of
neuronal functioning observed in individuals who abuse alcohol.
Later, Manzardo et al. [28] analyzed the differences of expression of the miRNAs isolated from
the frontal cortex of nine alcoholics and nine matched controls. The authors also found statistical
differences in the profile of miRNA expressed in cases and controls. However, although they found
several upregulated miRNAs in alcoholics, outstanding among which were the miR-375, miR-29b,
miR-377 and miR-379, the top-ranked miRNA did not overlap between both studies [27]. Despite the
very important preliminary information that these studies provide us with, a comparison between these
and later studies is not always easy, as different controls and different arrays are used. Additionally,
in both studies, the controls were not abstemious individuals, but with moderate alcohol consumption
that perhaps does not separate the differences well enough. Later studies have focused on the
profiles of miRNAs circulating in plasma/serum as biomarkers of alcohol intake [28,47], also using
different inclusion criteria for the analyzed individuals. Here again, the results are not very consistent,
so emphasizing the need for greater standardization in defining cases, controls, the array used and a
more direct measurement of the amount of alcohol consumed.
Faced with the current difficulties due to the lack of standardization when measuring miRNA
expression, the results of which can also be different depending on the method and the tissue
used for the measurement (brain, blood, etc.), the analysis of polymorphisms in genes encoding
miRNAs is another interesting approach to investigating the role of miRNAs on alcohol consumption.
This approach could be much more reproducible, given that the presence or absence of an SNP in the
genes encoding an miRNA does not change whether the DNA comes from leukocytes or any other
type of cell. Moreover, it is known that a single miRNA can target hundreds of mRNA transcripts for
either translation repression or degradation, and the detection of a polymorphism in a gene encoding a
particular miRNA can affect many mRNAs and have a great influence [48,49]; such as an intermediate
hairpin precursor miRNA (pre-miRNA), which is transported to the cytoplasm by exportin-5 and
further processed by another RNase III–like enzyme, Dicer, to the mature miRNA (for a review,
see Kim, 2005).
miRNAs are initially transcribed as primary miRNAs (pri-miRNA). This long pri-miRNA
(having several hundred nucleotides) is further processed into an intermediate hairpin precursor
miRNA (pre-miRNA). The pre-miRNAs is further processed by Dicer, to the mature miRNAs [30,48].
Pre-miRNA polymorphisms may have an important functional role for miRNA binding and
posttranscriptional regulation [49]. Moreover, genetic variation has been reported in pre-miRNAs to
be relatively rare (only ten percent of human pre-miRNAs have identified SNPs [30]), so highlighting
their functional relevance.
Despite this functional importance, there have been very few studies that have focused on
studying SNPs in genes encoding microRNAs so as to analyze their relationship with alcohol intake.
As far as we know, only one previously-published study has examined the association between a
polymorphism in a miRNA gene and alcohol, in this case for alcohol-related disorders [29]. In that
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work, Novo-Veleiro et al. [29], using a case-control study, analyzed differences in prevalence for the
miR-146a G>C (rs2910164) polymorphism in 301 male patients with alcohol-related disorders and
156 sex-matched healthy volunteers and reported a significantly higher prevalence of C-allele carriers
(47.8%) among patients when compared to controls (35.9%). In that study, the total consumption
of alcohol intake was not measured, nor were the different types of alcoholic drinks. Therefore,
although Novo-Veleiro et al. [29] have indeed been the first to report a significant association
between the rs2910164 polymorphism in a gene encoding an miRNA (the miR-146a G>C) and
alcohol related disorders, we can claim that our study is the first that has shown an association
between a polymorphism in a gene encoding an miRNA (in this case the miRNA27a) and daily
alcohol consumption (in g/day), as well as the with alcoholic beverages, measured by a validated
questionnaire at the population level including both men and women. Unfortunately, we do not have
the miR-146a G>C (rs2910164) genotyped in our population to compare the results. Both investigations
contribute to providing new knowledge regarding the potential role of miRNA polymorphisms in
alcohol consumption.
Moreover, in our study, on classifying individuals as non-consumers, moderate consumers and
high consumers of alcohol, the pre-miR-27a polymorphism (rs895819) was strongly associated with
high alcohol consumption, fundamentally in a recessive way in individuals who present the two variant
alleles (GG), even after adjustment for potential confounders. Additionally, we carried out a sensitivity
analysis to test the homogeneity of this association depending on relevant variables, and we found a
strong homogeneity across the different strata, so supporting the consistency of our findings. Thus,
subjects with the GG genotype were more likely (approximately three times) than subjects with the
AA genotype to report drinking more than the moderate daily limits for both men and women, in
obese and in non-obese and in having or not a high adherence to the MedDiet pattern. For type 2
diabetic subjects, although we did not detect a statistically-significant interaction term with type 2
diabetes in the sensitivity analysis, the association was attenuated. This could reflect an environmental
modification of the genetic influence. Thus, one of the recommendations that is usually made to type
2 diabetic subjects by health staff is that they reduce their alcoholic beverage intake. Hence, in the
PREDIMED study, we have observed that alcohol intake in type 2 diabetic subjects is lower than in
non-diabetics at baseline (mean ± SE: 4.6 ± 0.49 g/day versus 6.8 ± 0.42 g/day, respectively, p < 0.001;
as well as the % of subjects having a high alcohol consumption: 4.3% versus 10.4%; p < 0.001). We may
consider that the recommendation to reduce alcohol consumption could be an environmental factor
that can modulate genetic susceptibility (in this case, for subjects having the GG genotype in the
pre-miR27a polymorphism).
As this is the first time that an association between the pre-miR-27a A>G polymorphism (rs895819)
and alcohol consumption has been found and also being an epidemiological study on humans, we
do not know the mechanisms through which this association can take place. There are previous
studies that have consistently shown that this polymorphism is functional, and the variant G allele
is associated with higher levels of miR27a [34,35]. Likewise, there are also several previous studies
that have associated this polymorphism with a greater risk of cancer [34–36,50,51]. Interestingly, many
of those cancers are related to alcohol consumption (gastric, colorectal, lung, etc.) and perhaps this
pre-miR-27a polymorphism could be acting as an indirect indicator of the amount of alcohol consumed,
being greater in carriers of the variant G-allele, associated with a higher cancer risk, that being an
example of a Mendelian randomization approach [52]. Mendelian randomization use genetic variants
(mainly SNPs) as instrumental variables for exposures in association studies between the exposure
(using the SNP as proxy for the exposure) and the outcome. [52]. Therefore, if the association between
the pre-miR-27a-rs895819 polymorphism and alcohol intake is confirmed in further studies, this SNP
could be used as an instrumental variable (proxy or indicator) acting as a genetic biomarker of alcohol
intake in Mendelian randomization studies, in the same way as the SNPs in the alcohol-metabolizing
enzymes, ADH1B (alcohol dehydrogenase 1B, Class I) or ALDH2 (aldehyde dehydrogenase 2 family),
are used as instrumental variables for Mendelian randomization studies on cancer [52,53].
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The strength of our study is that we have measured the habitual alcohol intake and the different
types of alcoholic beverages consumed with a previously-validated questionnaire that ensures good
validity and reliability, in an elderly population sample with moderate alcohol intake throughout the
week. This population forms part of a study in which other variables are measured, and we, therefore,
have a well-characterized population as far as the presence of other diseases, biochemical data, dietary
data, exercise, etc., are concerned, all of which allows us to control the possible confounding factors.
As a limitation, we should point out that, despite data on multiple diseases having been obtained,
we did not specifically ask about alcoholic liver disease, which could reflect an indirect association
with alcohol intake. However, bearing in mind that the alcohol intake of this population is moderate
to low and that alcoholics were excluded, the prevalence of that disease in the population would be
very low. This assumption can be supported by Table S1, showing liver enzyme activities and mean
corpuscular volume by drinking categories in a random sample of participants in this study. Means of
these biomarkers of potential alcohol damage are in general low. Another possible limitation is the
generalization of these results to other populations with different characteristics of age and alcohol
intake patterns, but the publication of these results will contribute to the undertaking of new studies
and meta-analyses so as to compare that generalization.
The mechanisms through which the rs895819 in the pre-miR27a may influence alcohol
consumption would also have to be investigated in greater depth, as well as how it affects the
target mRNAs. In terms of target mRNAs for the miR-27a, there are several candidate genes that
require investigation in greater depth. However, the fact that there have been previous studies [34,35]
that have shown that the polymorphism is functional and can change the structure of the microRNA
and its binding capability, with an increased miR-27a expression being detected in G-allele carriers
compared to AA, allows us to argue that this polymorphism can alter the normal interaction between
the miR27a and certain targets involved in regulating alcohol intake. Specifically, it is known that one
of the targets of the miR27 is the serpin peptidase inhibitor clade I (Serpini1) [33], a protein primarily
secreted by axons in the brain and known to be involved in the development of analgesic tolerance
and, specifically, with morphine tolerance. Serpini1 knockout mice developed less analgesic tolerance
than wild-type mice, supporting a role for miR27a and Serpini1 in the response to chronic opioid
consumption [33]. Similarly, it is known that the effects of alcohol are mediated through intricate
interactions between multiple neurochemical systems, including the opioid system [7]. Based on that,
a closer binding between the miR27a and its target would make it less tolerant to alcohol (when the
SNP is not present), whereas a looser binding between miR27a and its target (when the variant allele is
present) may make it more tolerant to alcohol and necessary to drink more, as observed in homozygous
subjects for the variant allele for this polymorphism. This potential mechanism is totally speculative,
and more additional work is needed to support it.
The results of our work have been obtained from an elderly Mediterranean population with
moderate, habitual alcohol consumption throughout the week. The generalization of the association of
the pre-miR-27a rs895819 polymorphism with alcohol intake in different populations from the one
studied (young people, greater alcohol consumers, high weekend alcohol consumers, etc.) needs to be
established in future studies. However, the fact that this association is detected both in men and in
women and that it has no statistically-significant heterogeneity by sex, obesity or degree of adherence
to the Mediterranean diet allows us to hypothesize that its generalization for other populations may
be high, although that would have to be checked in further studies.
4. Materials and Methods
4.1. Subjects
We analyzed 1007 participants (368 men and 639 women) in the PREDIMED (PREvención with
DIeta MEDiterránea) trial recruited in the Valencia field center for whom DNA was available, the
pre-miR-27a determined and valid data on alcohol intake obtained (See Flowchart in Figure S1).
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The PREDIMED is a multi-center, randomized, controlled clinical trial (controlled-trials.com number,
ISRCTN35739639; ethics approval by the Institutional Review Board of the Hospital Clinic at
Barcelona, Spain, 16/07/2002, under the protocol number “G03/140”) aimed at assessing the
effects of the Mediterranean diet on the primary prevention of cardiovascular diseases [37].
The PREDIMED-Valencia field center, located on the East Mediterranean coast of Spain, was the
field center that recruited the highest number of PREDIMED participants (n = 1094). Genotyping of
the pre-miR-27a rs895819 polymorphism was carried out on 1042 participants with high quality
DNA available. The 1007 participants with successful genotyping and alcohol data included in this
analysis did not differ in the main characteristics from those of the total PREDIMED-Valencia cohort.
PREDIMED eligible subjects were community-dwelling people (55–80 years of age for men; 60–80 years
of age for women) who fulfilled at least one of two criteria: type 2 diabetes; 3 or more cardiovascular
risk factors: current smoking, hypertension (blood pressure ≥140/90 mmHg or treatment with
antihypertensive drugs), low-density lipoprotein cholesterol (LDL-C) ≥160 mg/dL (or treatment
with hypolipidemic drugs), high-density lipoprotein cholesterol (HDL-C) ≤40 mg/dL, body mass
index (BMI) ≥25 kg/m2 or a family history of premature cardiovascular diseases. Exclusion criteria
included a personal history of cardiovascular disease, any severe chronic illness and drug or alcohol
addiction [54]. For exclusion, in addition to the medical records known by the doctors, all of
the participants were given the CAGE questionnaire (which is an acronym of its four questions:
Cutting down, Annoyance by criticism, Guilty feeling, and Eye-openers) [37] on possible alcohol
addiction. Out of the 4 questions in the questionnaire, a positive response to 2 was the reason for
exclusion in accordance with the protocol for that questionnaire. None of the patients included in the
PREDIMED-Valencia study had a positive response to 2 or more items in the CAGE questionnaire.
The Institutional Review Board of the Valencia University (protocol number “G03/140”, 22 May 2003)
approved the study protocol, and all participants provided written informed consent. In this report,
we present data of the cross-sectional analysis at baseline.
4.2. Demographic, Clinical, Anthropometric, Dietary and Other Lifestyles Measurements
The baseline examination included the assessment of standard cardiovascular risk factors,
medication use, socio-demographic factors and lifestyle variables, by validated questionnaires
previously detailed [37]. These variables, as well as anthropometric variables, were used as
covariates to adjust for potential confounding in the multivariate regression models. Weight and
height were measured with light clothing and no shoes with calibrated scales and a wall-mounted
stadiometer, respectively. BMI was calculated as the weight (in kg) divided by the height (in m2).
Obesity was defined as a BMI ≥ 30 kg/m2 and in accordance with World Health Organization (WHO,
Geneva, Switzerland) criteria. Blood pressure was measured by trained personnel using a validated
semi-automatic oscillometer (Omron HEM-70CP; Hoofddrop, The Netherlands) with the subject seated
as previously reported [37].
The level of adherence to the Mediterranean diet was measured by a validated 14-item
questionnaire, and subjects were classified as having low or high adherence, based on the population
mean (9 points) [55]. Food consumption was determined by a validated 137-item semi-quantitative
FFQ [39]. This FFQ, which also included nine questions on consumption of different alcoholic beverages
(different types of wine, beer and spirits), was used to measure the intake of beverages with alcohol.
In this FFQ, both for foods and drinks, there were questions about the average intake for each item over
the previous year, including the baseline visit, which is when that questionnaire was administered.
For each alcoholic beverage included in the questionnaire (vintage red wine, young red wine, young
rosé, white wine, cava, beers and spirits, including whisky, gin, rum, vodka and liqueurs), questions
were asked for a typical Spanish measure of the same (as detailed in our previous publication [39]).
Alcohol intake (g/day) was calculated by multiplying the amount of the beverage (mL) by the
respective degree (% alcohol) and the constant 0.80 to transform alcohol volumes into weight. The sum
of all of that is the total amount of alcohol in g/day consumed for each person. Abstainers were those
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individuals for whom the sum was zero grams per day. For the analysis of specific beverages, total wine,
total beer and total spirits were considered as grouped variables. Further, red wine (including vintage
red wine, young red wine and young rosé) and white wine were also analyzed.
This FFQ was previously validated by us [39] in a similar population through a standard
validation procedure in the following way: The FFQ was administered twice (FFQ1 and FFQ2)
to explore reproducibility at 1 year. Four 3-d dietary records (DR) were used as a reference to
explore validity; participants therefore recorded their food intake over 12 days in the course of
1 year. The intra-class correlation coefficient between alcohol intake from the FFQ and repeated DR
was 0.82 [39]. This high correlation coefficient value allows us to conclude that the FFQ measurements
have good reproducibility and a relative validity similar to those of FFQs used in other prospective
studies and that we, therefore, have a good instrument for measuring habitual alcohol and alcoholic
beverage intake.
Once the amount of alcohol consumed was calculated (in g/day as the annual average) for each
individual on the basis of the type and amount of alcoholic beverages consumed, we undertook an
additional classification into alcohol intake categories. Although there are several cut-off points
to classify alcohol intake, we used international criteria of alcohol intake [40–42], as we did in
previous studies [42,43], with the aim of ensuring the best comparability between publications. Thus,
three groups of alcohol consumption were defined according to the reported daily intake of alcohol:
no intake (0 g/day), moderate intake (≤26.4 g/day for men and ≤13.2 g/day for women) and high
intake (>26.4 g/day for men and >13.2 g/day for women). These gram amounts correspond to
1 drink/day for women and 2 drinks/day for men [41–43]. The cut-off points were chosen to facilitate
the interpretation of the gram-based alcohol categories and according to recommended upper limits of
daily alcohol consumption of one drink/day for women and two drinks/day for men stated by the
several organizations and frequently used in epidemiological studies on alcohol intake [41–45].
Physical activity was estimated by the validated Minnesota Leisure-Time Physical Activity
questionnaire, as previously reported [37].
4.3. Biochemical Determinations, DNA Extraction and Genotyping
Fasting blood samples were obtained for each participant and stored at −80 ◦C until
biochemical analyses. Fasting glucose, total cholesterol, triglycerides, HDL-C and LDL-C were
determined as previously reported [56]. In a random sample of participants (detailed in Table S1),
liver enzymes and mean corpuscular volume were also determined at baseline by standard
procedures. LDL-C concentrations were estimated with the equation of Friedewald et al. whenever
triglycerides were <400 mg/dL. Genomic DNA was extracted from buffy coat with the MagNaPure
LC DNA Isolation kit (ROCHE Diagnostics, Indianapolis, IN, USA). The pre-miR-27a rs895819 A>G
polymorphism was genotyped using the HumanOmniExpress Illumina BeadChip (Illumina, San Diego,
CA, USA) by standard techniques. Genotype frequencies were consistent with Hardy–Weinberg
equilibrium (p = 0.111).
4.4. Statistical Analyses
Chi-square tests were used to compare proportions. Triglyceride concentrations were log-transformed
for the statistical analyses. Alcohol intake was square root transformed for the statistical analyses.
In both cases, untransformed values were presented for means and standard error, but the p-values
were obtained with the square root-transformed variables. ANOVA tests were applied to compare
crude means according to the pre-miR-27a rs895819 genotypes. Co-dominant and recessive models of
inheritance were first tested to know the effects of the variant allele. In the analysis for the additive
model, the pre-miR-27a rs895819 A>G polymorphism was considered as a linear term coded as 0, 1
or 2 depending on the number of G-alleles, with the homozygote wild-type coded as 0. Taking into
account that similar effects were detected in AA and AG subjects, a recessive model GG versus
(AA + AG) was also considered. Results were presented both for the co-dominant/additive and for
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the recessive models for the whole population. In addition, a stratified analysis of total alcohol intake
in male drinkers, men (drinkers and non-drinkers) and women (drinkers and non-drinkers) according
to the pre-miR-27a rs895819 polymorphism was undertaken.
Unadjusted (crude) and multivariable adjusted general linear models (GLM) were used for
continuous variables, and logistic regression models were used for dichotomous variables (categories
of alcohol consumption). Models were adjusted for potential confounders including age, sex, type
2 diabetes, obesity, hypertension, dyslipidemia, physical activity, smoking and total energy intake.
Odds ratios (OR) and 95% confidence intervals (CI) for the risk of being in the category of high alcohol
consumption were estimated, and a multivariable logistic regression was performed. Analyses were
done for the whole population and stratified by sex when indicated. A sensitivity analysis to test
the homogeneity of the pre-miR-27a rs895819 polymorphism (as recessive) with the risk of having
a high drinking pattern was carried out taking into account the following categories: sex, obesity,
type 2 diabetes, hypertension and adherence to Mediterranean Diet. Interaction terms between the
pre-miR-27a rs895819 polymorphism (recessive) and the corresponding variables for stratification were
calculated in the corresponding hierarchical regression model (logistic). The stratified estimations of the
associations were also carried out with the multivariate adjusted regression models. Statistical analyses
were performed with the IBM SPSS Statistics Version 21.0 (IBM, Armonk, NY, USA). All tests were
two-tailed, and p-values <0.05 were considered statistically significant.
5. Conclusions
In conclusion, in this study, we have reported, for the very first time, a significant association
between an SNP in a miRNA (rs895819 A>G in the pre-miR27a) and total alcohol consumption
(higher in homozygous subjects for the variant G-allele) and specific beverages, so providing more
information on the importance of miRNAs in regulating alcohol intake, not only through epigenetic
mechanisms, but also through the genetic variants in their DNA sequence, which has to be taken into
account in later omic integration studies analyzing the miRNAs’ regulome. The generalization of the
association of the pre-miR-27a rs895819 polymorphism with alcohol intake in different populations
from the one studied needs to be established in future studies.
Supplementary Materials: Supplementary materials can be found at www.mdpi.com/1422-0067/17/8/1338/s1.
Acknowledgments: This study was funded, by the Spanish Ministry of Health (Instituto de Salud Carlos III) and
the Ministerio de Economía y Competitividad-Fondo Europeo de Desarrollo Regional (Projects CNIC-06/2007,
RTIC G03/140, CIBER 06/03, PI06-1326, PI07-0954, PI11/02505, SAF2009-12304, AGL2010-22319-C03-03 and
PRX14/00527), by the University Jaume I (Project P1-1B2013-54), by Contracts 53-K06-5-10 and 58-1950-9-001
from the U.S. Department of Agriculture Research Service, USA, by the Generalitat Valenciana (ACOMP2010-181,
AP111/10, AP-042/11, ACOM2011/145, ACOMP/2012/190, ACOMP/2013/159 and ACOMP/213/165), and with
the collaboration of the Real Colegio Complutense at Harvard University, Cambridge. MA, USA. Rocío Barragán’s
contract is funded by the Ayudas para la contratación de personal investigador en formación de caracter
predoctoral, Programa “VALencia Investigación más Desarrollo” (VALi+d). Conselleria d’Educació, Investigació,
Cultura i Esport. Generalitat Valenciana, Spain (ACIF/2013/168).
Author Contributions: Oscar Coltell and Dolores Corella contributed to the data analysis; Oscar Coltell
designed and developed the data management system and elaborated the tables and figures; Rocío Barragán,
Eva M. Asensio, Francesc Francés, José V. Sorlí, Ramon Estruch and Albert Salas-Huetos contributed to the
collection of phenotype and clinical data; Ramon Estruch, Albert Salas-Huetos and Jose M. Ordovas critically
evaluated the manuscript; Dolores Corella, Jose M. Ordovas and Rocío Barragán conceptualized the study;
Dolores Corella and Oscar Coltell wrote and edited the manuscript. All authors read and approved the
final manuscript.
Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; nor in the
decision to publish the results.
References
1. Deiuliis, J.A. MicroRNAs as regulators of metabolic disease: Pathophysiologic significance and emerging
role as biomarkers and therapeutics. Int. J. Obes. 2016, 40, 88–101. [CrossRef] [PubMed]
Int. J. Mol. Sci. 2016, 17, 1338 16 of 18
2. Orellana, E.A.; Kasinski, A.L. MicroRNAs in cancer: A historical perspective on the path from discovery to
therapy. Cancers 2015, 7, 1388–1405. [CrossRef] [PubMed]
3. Olivieri, F.; Rippo, M.R.; Monsurrò, V.; Salvioli, S.; Capri, M.; Procopio, A.D.; Franceschi, C.
MicroRNAs linking inflamm-aging, cellular senescence and cancer. Ageing Res. Rev. 2013, 12, 1056–1068.
[CrossRef] [PubMed]
4. Raffort, J.; Hinault, C.; Dumortier, O.; van Obberghen, E. Circulating microRNAs and diabetes:
Potential applications in medical practice. Diabetologia 2015, 58, 1978–1992. [CrossRef] [PubMed]
5. Gao, Y.; Peng, J.; Ren, Z.; He, N.Y.; Li, Q.; Zhao, X.S.; Wang, M.M.; Wen, H.Y.; Tang, Z.H.; Jiang, Z.S.; et al.
Functional regulatory roles of microRNAs in atherosclerosis. Clin. Chim. Acta 2016, 460, 164–171. [CrossRef]
[PubMed]
6. Bordoni, A.; Capozzi, F. Foodomics for healthy nutrition. Curr. Opin. Clin. Nutr. Metab. Care 2014, 17,
418–424. [CrossRef] [PubMed]
7. Luo, C.; Sun, L.; Ma, J.; Wang, J.; Qu, H.; Shu, D. Association of single nucleotide polymorphisms in the
microRNA miR-1596 locus with residual feed intake in chickens. Anim. Genet. 2015, 46, 265–271. [CrossRef]
[PubMed]
8. Nunez, Y.O.; Mayfield, R.D. Understanding alcoholism through microRNA signatures in brains of human
alcoholics. Front. Genet. 2012, 3, 43. [CrossRef] [PubMed]
9. De Gaetano, G.; Costanzo, S.; di Castelnuovo, A.; Badimon, L.; Bejko, D.; Alkerwi, A.; Chiva-Blanch, G.;
Estruch, R.; La Vecchia, C.; Panico, S.; et al. Effects of moderate beer consumption on health and disease:
A consensus document. Nutr. Metab. Cardiovasc. Dis. 2016, 26, 443–467. [CrossRef] [PubMed]
10. Roerecke, M.; Rehm, J. Alcohol consumption, drinking patterns, and ischemic heart disease: A narrative
review of meta-analyses and a systematic review and meta-analysis of the impact of heavy drinking occasions
on risk for moderate drinkers. BMC Med. 2014, 12, 182. [CrossRef] [PubMed]
11. Corella, D. Alcohol intake. Prog. Mol. Biol. Transl. Sci. 2012, 108, 261–292. [PubMed]
12. Hurley, T.D.; Edenberg, H.J. Genes encoding enzymes involved in ethanol metabolism. Alcohol. Res. 2012, 34,
339–344. [PubMed]
13. Wall, T.L.; Luczak, S.E.; Hiller-Sturmhöfel, S. Biology, genetics, and environment: Underlying factors
influencing alcohol metabolism. Alcohol. Res. 2016, 38, 59–68. [PubMed]
14. Hayes, J.E.; Wallace, M.R.; Knopik, V.S.; Herbstman, D.M.; Bartoshuk, L.M.; Duffy, V.B. Allelic variation in
TAS2R bitter receptor genes associates with variation in sensations from and ingestive behaviors toward
common bitter beverages in adults. Chem. Senses. 2011, 36, 311–319. [CrossRef] [PubMed]
15. Kapoor, M.; Wang, J.C.; Wetherill, L.; Le, N.; Bertelsen, S.; Hinrichs, A.L.; Budde, J.; Agrawal, A.; Bucholz, K.;
Dick, D.; et al. A meta-analysis of two genome-wide association studies to identify novel loci for maximum
number of alcoholic drinks. Hum. Genet. 2013, 132, 1141–1151. [CrossRef] [PubMed]
16. Miranda, R.C.; Pietrzykowski, A.Z.; Tang, Y.; Sathyan, P.; Mayfield, D.; Keshavarzian, A.; Sampson, W.;
Hereld, D. MicroRNAs: Master regulators of ethanol abuse and toxicity? Alcohol. Clin. Exp. Res. 2010, 34,
575–587. [CrossRef] [PubMed]
17. Cao, D.D.; Li, L.; Chan, W.Y. MicroRNAs: Key regulators in the central nervous system and their implication
in neurological diseases. Int. J. Mol. Sci. 2016, 17, 842. [CrossRef] [PubMed]
18. Most, D.; Workman, E.; Harris, R.A. Synaptic adaptations by alcohol and drugs of abuse: Changes in
microRNA expression and mRNA regulation. Front. Mol. Neurosci. 2014, 7, 85. [CrossRef] [PubMed]
19. Jonkman, S.; Kenny, P.J. Molecular, cellular, and structural mechanisms of cocaine addiction: A key role for
microRNAs. Neuropsychopharmacology 2013, 38, 198–211. [CrossRef] [PubMed]
20. Hwang, C.K.; Wagley, Y.; Law, P.Y.; Wei, L.N.; Loh, H.H. MicroRNAs in opioid pharmacology.
J. Neuroimmune Pharmacol. 2012, 7, 808–819. [CrossRef] [PubMed]
21. Sathyan, P.; Golden, H.B.; Miranda, R.C. Competing interactions between micro-RNAs determine neural
progenitor survival and proliferation after ethanol exposure: Evidence from an ex vivo model of the fetal
cerebral cortical neuroepithelium. J. Neurosci. 2007, 27, 8546–8557. [CrossRef] [PubMed]
22. Pietrzykowski, A.Z.; Friesen, R.M.; Martin, G.E.; Puig, S.I.; Nowak, C.L.; Wynne, P.M.; Siegelmann, H.T.;
Treistman, S.N. Posttranscriptional regulation of BK channel splice variant stability by miR-9 underlies
neuroadaptation to alcohol. Neuron 2008, 59, 274–287. [CrossRef] [PubMed]
Int. J. Mol. Sci. 2016, 17, 1338 17 of 18
23. Beech, R.D.; Leffert, J.J.; Lin, A.; Hong, K.A.; Hansen, J.; Umlauf, S.; Mane, S.; Zhao, H.; Sinha, R. Stress-related
alcohol consumption in heavy drinkers correlates with expression of miR-10a, miR-21, and components of
the TAR-RNA-binding protein-associated complex. Alcohol. Clin. Exp. Res. 2014, 38, 2743–2753. [CrossRef]
[PubMed]
24. Gedik, H.; Erdal, M.E.; Yilmaz, S.G.; Sengul, C.; Sengul, C.B.; Herken, H. Association of microRNA biogenesis
pathway gene variants and alcohol dependence risk. DNA Cell Biol. 2015, 34, 220–226. [CrossRef] [PubMed]
25. Darcq, E.; Warnault, V.; Phamluong, K.; Besserer, G.M.; Liu, F.; Ron, D. MicroRNA-30a-5p in the prefrontal
cortex controls the transition from moderate to excessive alcohol consumption. Mol. Psychiatry 2015, 20,
1219–1231. [CrossRef] [PubMed]
26. Lewohl, J.M.; Nunez, Y.O.; Dodd, P.R.; Tiwari, G.R.; Harris, R.A.; Mayfield, R.D. Up-regulation of microRNAs
in brain of human alcoholics. Alcohol. Clin. Exp. Res. 2011, 35, 1928–1937. [CrossRef] [PubMed]
27. Manzardo, A.M.; Gunewardena, S.; Butler, M.G. Over-expression of the miRNA cluster at chromosome 14q32
in the alcoholic brain correlates with suppression of predicted target mRNA required for oligodendrocyte
proliferation. Gene 2013, 526, 356–363. [CrossRef] [PubMed]
28. Ignacio, C.; Hicks, S.D.; Burke, P.; Lewis, L.; Szombathyne-Meszaros, Z.; Middleton, F.A. Alterations in
serum microRNA in humans with alcohol use disorders impact cell proliferation and cell death pathways
and predict structural and functional changes in brain. BMC Neurosci. 2015, 16, 55. [CrossRef] [PubMed]
29. Novo-Veleiro, I.; González-Sarmiento, R.; Cieza-Borrella, C.; Pastor, I.; Laso, F.J.; Marcos, M. A genetic variant
in the microRNA-146a gene is associated with susceptibility to alcohol use disorders. Eur. Psychiatry 2014,
29, 288–292. [CrossRef] [PubMed]
30. Saunders, M.A.; Liang, H.; Li, W.H. Human polymorphism at microRNAs and microRNA target sites.
Proc. Natl. Acad. Sci. USA 2007, 104, 3300–3305. [CrossRef] [PubMed]
31. Saha, B.; Momen-Heravi, F.; Kodys, K.; Szabo, G. MicroRNA cargo of extracellular vesicles from
alcohol-exposed monocytes signals naive monocytes to differentiate into M2 macrophages. J. Biol. Chem.
2016, 291, 149–159. [CrossRef] [PubMed]
32. Saha, B.; Bruneau, J.C.; Kodys, K.; Szabo, G. Alcohol-induced miR-27a regulates differentiation and M2
macrophage polarization of normal human monocytes. J. Immunol. 2015, 194, 3079–3087. [CrossRef]
[PubMed]
33. Tapocik, J.D.; Ceniccola, K.; Mayo, C.L.; Schwandt, M.L.; Solomon, M.; Wang, B.D.; Luu, T.V.; Olender, J.;
Harrigan, T.; Maynard, T.M.; et al. MicroRNAs are involved in the development of morphine-induced
analgesic tolerance and regulate functionally relevant changes in serpini1. Front. Mol. Neurosci. 2016, 9, 20.
[CrossRef] [PubMed]
34. Sun, Q.; Gu, H.; Zeng, Y.; Xia, Y.; Wang, Y.; Jing, Y.; Yang, L.; Wang, B. Hsa-mir-27a genetic variant contributes
to gastric cancer susceptibility through affecting miR-27a and target gene expression. Cancer Sci. 2010, 101,
2241–2247. [CrossRef] [PubMed]
35. Song, B.; Yan, G.; Hao, H.; Yang, B. rs11671784 G/A and rs895819 A/G polymorphisms inversely affect
gastric cancer susceptibility and miR-27a expression in a Chinese population. Med. Sci. Monit. 2014, 20,
2318–2326. [PubMed]
36. Jiang, Y.; Lin, D.H.; Xu, J.P.; Chen, W.X.; Zheng, S.J.; Song, L. Genotype GG of rs895819 Functional
polymorphism within miR-27a might increase genetic susceptibility to colorectal cancer in Han Chinese
population. J. Clin. Lab. Anal. 2016, 30, 351–355. [CrossRef] [PubMed]
37. Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.;
Fiol, M.; Lapetra, J.; et al. Primary prevention of cardiovascular disease with a mediterranean diet. N. Engl.
J. Med. 2013, 368, 1279–1290. [CrossRef] [PubMed]
38. Sotos-Prieto, M.; Guillén, M.; Portolés, O.; Sorlí, J.V.; González, J.I.; Asensio, E.M.; Corella, D.
Association between the rs6950982 polymorphism near the SERPINE1 gene and blood pressure and lipid
parameters in a high-cardiovascular-risk population: Interaction with Mediterranean diet. Genes Nutr. 2013,
8, 401–409. [CrossRef] [PubMed]
39. Fernández-Ballart, J.D.; Piñol, J.L.; Zazpe, I.; Corella, D.; Carrasco, P.; Toledo, E.; Perez-Bauer, M.;
Martínez-González, M.A.; Salas-Salvadó, J.; Martín-Moreno, J.M. Relative validity of a semi-quantitative
food-frequency questionnaire in an elderly Mediterranean population of Spain. Br. J. Nutr. 2010, 103,
1808–1816. [CrossRef] [PubMed]
40. Pearson, T.A. Alcohol and heart disease. Circulation 1996, 94, 3023–3025. [CrossRef] [PubMed]
Int. J. Mol. Sci. 2016, 17, 1338 18 of 18
41. Bergmann, M.M.; Rehm, J.; Klipstein-Grobusch, K.; Boeing, H.; Schütze, M.; Drogan, D.; Overvad, K.;
Tjønneland, A.; Halkjær, J.; Fagherazzi, G.; et al. The association of pattern of lifetime alcohol use and cause
of death in the European prospective investigation into cancer and nutrition (EPIC) study. Int. J. Epidemiol.
2013, 42, 1772–1790. [CrossRef] [PubMed]
42. Corella, D.; Tucker, K.; Lahoz, C.; Coltell, O.; Cupples, L.A.; Wilson, P.W.; Schaefer, E.J.; Ordovas, J.M.
Alcohol drinking determines the effect of the APOE locus on LDL-cholesterol concentrations in men:
The Framingham Offspring Study. Am. J. Clin. Nutr. 2001, 73, 736–745. [PubMed]
43. Corella, D.; Carrasco, P.; Fitó, M.; Martínez-González, M.A.; Salas-Salvadó, J.; Arós, F.; Lapetra, J.; Guillén, M.;
Ortega-Azorín, C.; Warnberg, J.; et al. Gene-environment interactions of CETP gene variation in a high
cardiovascular risk Mediterranean population. J. Lipid Res. 2010, 51, 2798–2807. [CrossRef] [PubMed]
44. Djoussé, L.; Ellison, R.C.; Beiser, A.; Scaramucci, A.; D’Agostino, R.B.; Wolf, P.A. Alcohol consumption and
risk of ischemic stroke: The framingham study. Stroke 2002, 33, 907–912. [CrossRef] [PubMed]
45. Sieri, S.; Krogh, V.; Saieva, C.; Grobbee, D.E.; Bergmann, M.; Rohrmann, S.; Tjønneland, A.; Ferrari, P.;
Chloptsios, Y.; Dilis, V.; et al. Alcohol consumption patterns, diet and body weight in 10 European countries.
Eur. J. Clin. Nutr. 2009, 63, S81–S100. [CrossRef] [PubMed]
46. Mamdani, M.; Williamson, V.; McMichael, G.O.; Blevins, T.; Aliev, F.; Adkins, A.; Hack, L.; Bigdeli, T.;
van der Vaart, A.D.; Web, B.T.; et al. Vladimirov integrating mRNA and miRNA weighted gene co-expression
networks with eQTLs in the nucleus accumbens of subjects with alcohol dependence. PLoS ONE 2015,
10, e0137671. [CrossRef] [PubMed]
47. Gardiner, A.S.; Gutierrez, H.L.; Luo, L.; Davies, S.; Savage, D.D.; Bakhireva, L.N.; Perrone-Bizzozero, N.I.
Alcohol use during pregnancy is associated with specific alterations in MicroRNA levels in maternal serum.
Alcohol. Clin. Exp. Res. 2016, 40, 826–837. [CrossRef] [PubMed]
48. Sethupathy, P. Needles in the genetic haystack of lipid disorders: Single nucleotide polymorphisms in the
microRNA regulome. J. Lipid Res. 2013, 54, 1168–1173. [CrossRef] [PubMed]
49. Huan, T.; Rong, J.; Liu, C.; Zhang, X.; Tanriverdi, K.; Joehanes, R.; Chen, B.H.; Murabito, J.M.; Yao, C.;
Courchesne, P.; et al. Genome-wide identification of microRNA expression quantitative trait loci.
Nat. Commun. 2015, 6, 6601. [CrossRef] [PubMed]
50. Bian, Q.; Chen, J.J.; Gu, J.P.; Xu, J. Association between pre-miR-27a functional polymorphism and risk of
colorectal cancer in north Chinese Han population. Onco Targets Ther. 2015, 8, 3003–3007. [PubMed]
51. Ma, J.Y.; Yan, H.J.; Yang, Z.H.; Gu, W. Rs895819 within miR-27a might be involved in development of
non small cell lung cancer in the Chinese Han population. Asian Pac. J. Cancer Prev. 2015, 16, 1939–1944.
[CrossRef] [PubMed]
52. Boef, A.G.; Dekkers, O.M.; le Cessie, S. Mendelian randomization studies: A review of the approaches used
and the quality of reporting. Int. J. Epidemiol. 2015, 44, 496–511. [CrossRef] [PubMed]
53. Wang, J.; Wang, H.; Chen, Y.; Hao, P.; Zhang, Y. Alcohol ingestion and colorectal neoplasia: A meta-analysis
based on a Mendelian randomization approach. Colorectal. Dis. 2011, 13, e71–e78. [CrossRef] [PubMed]
54. Ewing, J.A. Detecting alcoholism: The CAGE questionnaire. JAMA 1984, 252, 1905–1907. [CrossRef]
[PubMed]
55. Schröder, H.; Fitó, M.; Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.;
Lamuela-Raventós, R.; Ros, E.; Salaverría, I.; Fiol, M.; et al. A short screener is valid for assessing
Mediterranean diet adherence among older Spanish men and women. J. Nutr. 2011, 141, 1140–1145.
[CrossRef] [PubMed]
56. Estruch, R.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Ruiz-Gutiérrez, V.; Covas, M.I.; Fiol, M.;
Gómez-Gracia, E.; López-Sabater, M.C.; Vinyoles, E.; et al. Effects of a Mediterranean-style diet on
cardiovascular risk factors: a randomized trial. Ann. Intern. Med. 2006, 145, 1–11. [CrossRef] [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
